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(^Abstract 

Magnetic head having a head face (5) and comprisii« a nmg^ which is P-^.wi* !f ^ f^,^L^>^'^^ 
„,« Jm«™IS«rim» fM.^ and a flux ffuide O' 9). To optDnally inhibit die occuircncc of domain walls, the flux guide compnses a pair 
r^SSSSTla^S: ZrT^ is IJSS^ tayer ( , 7) and a s««d layer IS an anti-ftn«nagn«ic or f«Ti„»g«dc 
layer (19). 
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Magnetic head having a laminated flux guide, and device provided with the magnetic head. 



The invention relates to a magnetic head having a head foce and 
comprising a magnetoresistive sensor and at least a laminated fhix guide for co-operation 
with the magnetoresistive sensor, which fhix guide conqyrises a soft-magnetic layer. 

5 

A magnetic head of diis type is known as a thin-film magnetic head from 
TFFP Transactions on Magnetics, VoL 28, No. 5, September *92. The known magn^ bead 
is provided with a first and a second fhix guide, and a magnetoresistive sensor bridging a 
space between the two fhix guides. The sensor is constituted by a layer of NiFe (permalloy). 
10 The fhix guides are constituted by a layer structure of alternately soft-magnetic and non- 
magnetic material so that each flux guide consists of magnetostattcally coi4>led magnetic 
layers. 

A problem of a magnetic head provided with a magnetoresistive sensor is 
tte occurrence of Baikhausen noise in the sensor and/or the fhix guide or flux guides 
15 present, due to discontinuous movements of domain walls. Rarkhaasen noise results in a non- 
linear distortion of a signal wtuch has been read. Although a flux guide consisting of 
magnetostatically coiqiled layers has an enhanced magnetic stability, there remains a 
considerable risk of unwanted domain walls in the fhix guide. 

20 It is an dbject of the invration to provide a magnetic head of the type 

described in the opening paragr^h, which substantially prechides the occurrence of domain 
walls in a fhix guide. 

In accordance with a fust aspect, the magnedc head according to the 
invention is characterized in that the fhix guide comprises an anti-fienomagnetic layer which 

25 is in direct contact wiA the soft-magnetic layer, the soft-magnetic layer aiKl the anti- 
ferromagnetic layer constituting a pair of exchange-coupled layers. For example, an Ni-Mn 
alloy, Fe-Mn alloy, Ni oxide, Co oxide or Ni-Co oxide may be used as anti-ferromagnetic 
materials. 

In accordance widi a second aspect, the magnetic head according to the 
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invention is chaiacterized in that the flux guide comprises a feirimagnetic layer which is in 
direct coniaa wifli the soft-magnetic layer, the soft-magnetic layer and the ferrimagnetic 
layer constimting a pair of exchange-coupled layers. For example, a Tb-Co alloy or Tb-Fe- 
Co alloy is suitable as a ferrimagnetic material. 
5 The invention is based on the recognition that the flux guide is given a 

unidirectional anisotropy by means of exchange biasing so that there is a unique lowest- 
energy direction for the magnettzation in the flux guide, in which domain walls are entirely 

or substantially entirely absem. It has been found that the flux guide in the magnetic 
according to the invention is magneticaUy stable and does not produce any or hardly any 
10 noise. 

The magnetic head accordiitg to the mvention is suitable for reading 
audio, video or data information recorded on a magnetic record carrier. An exchange-biased 
sensor may be used as a magnetoresistive sensor which, together with a flux guide, 
constitutes a magnetic yoke. 

15 For exaxaple, an Ni-Fe aUoy. a Co alloy such as Co-Nb-Zr, or an Fe 

alloy such as Fe-Nb-Si-N, Fe-Ta-N or Fe-Al-N is suitable as a soft-magnetic material in the 
magnetic head according to the invention. 

It is U) be noted that it is known per se from IEEE. Vol. 25. No. 5, 
September 1989 to inhibit domain activities in a narrow-track MR elemem by using an 
20 exchange-biased sensor. This publication does not pay any attention to flux guides. 

An embodimrat of the magnetic head accordmg to the invention is 
characterized in that the flux guide has a unidirectional anisotropy which is at least 
substantially perpendicular to a flux transport direction in the flux guide. Hie flux transport 
direction is understood to mean die direction of die magnetic field m die flux guide coming 

25 from die magnetic record carrier during use of die magnetic head. In diiscmbodhnem. ah 
optimal combination of magnetic stabOity and petmeabilhy is achieved. Generally, die sensor 
win have an easy axis of magnetization whfch is oriented perpendicularly or substantially 
pcipehdicularly widi respea to die flux transport direction in die flux guide. The 
unidirectional anisonopy in die flux guide wiU thus usually extend at least substantially 
parallel to die easy axis of magnetization of die sensor. 

An embodhnnit of the magnetic head accordmg to die invention is 
characterized in that die flux guide comprises several pairs of exchange-coupled layers. At a 
given total magnetic diickness of die flux guide, die number of exchange-coupled layers 
defines thesizeofdiebiasfiddindieflux guide, which is approximately inversely 
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proponionai to the thickness of the excbange-coupied soft-magnetic layer. Therefore, there is 
a great fireedoxn of optimization. An important advantage is that high-frequency losses in the 
flux guide are limited by using thinner layers. 

An embodiment of the magnetic head according to the invention is 

5 characterized in that the fhix guide conq>rises a combination of layers which is constituted by 
the pair of exchange-coiq)ied layers* a non-magnetic hyer and a further soft-magnetic layer, 
the non-magnetic layer extending between, and being in contact with, the soft-magnetic layer 
ami the further soft-magnetic layer. The combination of layers created in this embodiment 
decreases the magnetostatic energy in the fhix guide built as a packet of layers, which has 

10 a positive effect on the magnetic stabiliQr of the fhix guide. 

An embodiment of the magnetic head according to the invention is 
characterized in that die flux guide comprises several combinations of layers as defined in the 
previous embodiment, the combinations of layers being mutually separated by a non-magnetic 
intermediate layer. The layer structure used m diis embodiment gives it all the previously 

15 nmtioned advantages relating to the bias field, Ihnited high-frequency losses and satisfactory 
magnetic stability. 

An embodiment of the tnagngrir, hd^i according to the invention is 
characterized in that the flux guide extends from the head &ce, while a furdier fhix guide is 
presem, and the magnetoresistive element bridges a ^>ace which is present between the fhix 

20 guide and the further flux gukie, the further fhix guide corresponding to the previously 
defined flux guide. In practice, further flux guides are frequently used to inhibit magnetic 
fhix losses in magnetic circuits as much as possible. 

The invention also reUues to a device for reading a magnetic record 
carrier, comprising a magnetic head according to the invention. 

25 These and other a^>ects of the invention will be apparent from ami 

elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

30 Fig. 1 is a diagrammatic perspective view of a first embodiment of the 

magnetic head according to the inventioxu 

Fig. 2 is a diagrammatic cross-section of a second embodiment of the 
magnetic head according to the invention. 

Fig. 3 is a cross-secticm taken on the line m-m of the magnetic head 
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shown in Fig. 2, 

Fig. 4 is a dia gr ammatic cross-section of a third embodiment of the 
magnetic head according to die invention, and 

Fig. 5 is a partiy clevational. partly cross-sectional view of a device 
5 according to the invention. 

The magnetic head according to die invention, shown in Fig. 1, 
comprises a substrate 1 of a magnetically permeable material such as ferrite. for example Ni- 
Zn fcrtitc. a diin.fihn stnicnire provided in laycB on d« substrate 1 and a p^ 
protective body 3, and is provided widi a head fi«» 5. Tl« fdm strucd« com^ 
g<iides 7 and 9, a first flux guide 7 of which is contiguous to die head fiux 5 and a s^ 
flux guide 9 is spaced apart d»elh>m and fh)m die first flux guide 7. n>e fihn strucnire also 
comprises a magnetoresistive sensor 11. ref«ml to as MR sensor, which ext^ 
die flux guides 7 and 9 and bridges a space 13 between die two flux guides. When a 
15 "«g««ic information or record carrier such as a magnetic tape or d^ 

die head fi« 5 in a direction X, is scanned, a magnetic field coming fit)m die record carti^ 
is transported Iqr die flux guides 7 and 9 in a direction d, which is substantially transver^ 

die head fitt:e 5. while die flux is guided dirough die MR sensor 11. The magnetic flux is 
lennned to die record carrier via die magnetically conducting substnue L 

20 15a. 15b. 15c and 15d of an ekcnically insutoting material such as SiO, or AlA are 

between die substrate land die flux guides 7 and 9. in die space 13. between die flux guides 
7 and 9 and die MR sensor 11. and between die MR sensor 11 and die protective body 3. 
TTie MR sensor 1 1 comprising a layer of a magnetoresistive material, for example an Ni-Fe 

alloy, has an easy axis of magnetization M. which is substantially perpendicular to die flux 
25 tran^rt direction d,. 

The flux guides 7 and 9. which have a similar construction relative to 
each odier. comprise direc pairs of a exchange-coupled layers each in diis embodiment, each 
pair comprising a soft-magnetic layer 17 and an anti-ferromagnetic layer 19 engaging die 
Uyer 1 7 . Due to exchange biasing, bodi flux guides 7 and 9 have a unidirectional anisotropy 
30 A, which is substamiaUy perpendicular to die flux transport direction d. in dK flux guW^ 
and 9 and dm cxnaid at least substantiaUy paraUel to die easy axis M, of die MR sensor 1 1 . 
In diis embodiment, die soft-magnetic layer 1 7 is formed from an Ni-Fe aUoy and die anti- 

fenomagnetic tayer 19 is formed from an Ni-Mn aUoy. TTie materials may be provide 
n«am of known deposition toAniques such as sputterii*. vapo^ 
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vapour depositioiL Instead of three pairs of exchange-coi^led layers, a larger or smaller 
number of pairs may be used within the scojpt of the invention. 

The magnetic head according to the invention, shown in Figs. 2 and 3, is 
a tfain-fihn magnetic head conq>rising a substrate 101, in this embodiment of a non-magnetic 
5 nutterial, for exanq>le A]203TiC, on which a multilayer structure and a protective block 103 
of a non-magnetic material, for exan:q)le Al203.TiC is provided. The magnetic head has a 
head face 105 for movii^ a magnetic record carrier 107, particularly a magn^ic tape in a 
direction Xj. 

The multilayer structure, which extends bttween the substrate 101 and 

10 the protective block 103, conqxrises a magnetoresistive layer 159 of a magnetically 

anisotropic material, for exan4>le Ni-Fe, v/bkh constitutes an elongated magnetoresistive 
element 111 between two end portions 159a and 159b, witii a Icmgitudinal axis 111a 
extendiiig from one end portion to the other end portion. The magnetoresistive element 111, 
rderred to as MR sensor, has an easy axis magnetization, denoted by M2, extendi!^ parallel 

15 to the longitudinal axis 111a. The direction of magnetization is denoted by means of the 
vector Mj. An electrically conducting layer 153a of, for example Au comprising a plurality 
of equipotential strq>s 153 is provided on one side Ulb of tiie element 111. The 
equq)otential strips extend at an angle of 45*" to die longitudinal axis 111a. The electrically 
conducting layer 153a has two connection tracks 153al and 153a2 to which a current source 

20 or voltage source naay be connected. 

A non-magnetic insulation layer 519 of, for exanq^le AljOj or SiO^ is 
present between the substrate 101 and the magnetoresistive layer 159. The multilayer 
structure further comprises a flux guide 107 contiguous to the tead face 105 and, q>aced 
^Mut th er efr om , a second flux guide 109. A space 113 present b^wera die two fhix guides 

25 is bridged by the MR sensor 111, the first flux guide 107 serving for guiding a magnrac 
field comprising information and originating from die magnetic medium 107 in a flux 
transpon direction dj to the MR sensor 111. Insulating material 120, for example Si02, is 
provided in the space 113 as well as between the MR sensor 111 and the flux guides 107 and 
109, and between the fhix guides 107 and 109 and a third flux guide 110. The flux transport 

30 direction in the third flux guide is draoted by the arrow d,. 

The fhix guides 107, 109 and 110 which, together witti the MR sensor 
111, constitute a magnetic yoke, conqiri^ a pair of exchange-coupled layers each, formed by 
a soft-magnetic layer 217 and a fetrimagnetic layer 219. In this embodiment, the soft- 
magnetic layer 217 is constituted by a Co-Nb-& alloy and the ferrimagnetic kiyer 219 is 
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constinned by a Tb-Co alloy. Due to excbange biasipg, the flux guides 107, 109 and 110 
have a umdirecdonal aoisotropy A2 which exieods parallel or substantially parallel to the easy 
axis of xnagnecization Mj of the MR sensor 111. Instead of a pair of said layers per fhtx 
guide, several pairs may alternatively be used. If less stringent requirooEients are imposed on 

5 the magnedc head, one or two flux guides, nc^ly the fhix guide 110, may be formed 
cQnq)letely from a soft-magiKtic material, but then the optimal advantage of the use of 
exchange-coq>led layer is of ccmrse not achieved. 

The magnetic head accordipg to ibt invention, diown in Fig. 4, 
CQO^rises a magn^ically conducting substrate 201 of ferrtte on which a layer strucnire is 

10 provided. This layer structure conyrises a magnetoresistive sensor 211, refinred to as MR 
sensor 211, two fhix guides 207 and 209, a test arxl/or bias guide 251 and also a phxrality of 
insulation layers of an electrically insulating, nort-magnetic material 220 such as quaru, so as 
to insulate the substrate 201, the MR sensor 211, the flux guides 207 and 209 and the guide 
2S1 with respect to each other. The layer structure is protected a counterblock 203 of, for 

15 exan^le BaTiOs or CaTiO,, while an insulation layer 230 extends between the layer structure 
and dtt comuerblock 203. A front side of die magnetic head is provided with a head face 
205. 

In diis embodiment, the flux guides 207 and 208 each consist of two 
combinations of layers, with a noinmagiKtic intermediate layer 221 of, for example SiOj or 

20 AI2O3 extexxiing be t w e en dse two combinations. Each combination consists of a ^ack of four 
layers, namely an and-ferromagnetic or ferriiruignetic layer 219, a soft-nugnetic layer 217, a 
tu>n-inagnetic layer 223 and a further soft-magnetic layer 225. Instead of two such 
combinations, more combinations may be used alternatively, with an intermediate layer 221 
extendiiig between each combination. By way of exan^ile, the layer 219 is formed from an 

25 Fe-Mn alloy and die layers 217 and 225 are formed from an Fe alloy. The non-magnetic 
layer 223 is formed from, for example SiOj or AI2O3. The fhix guides 207 and 209 have a 
flux transpon direction d4 which is substandally parallel to the head face 205 and has a 
unidirectional anisotropy in accordance with a direction Aj which, in Fig. 4, is substantially 
perpendicular to the plane of the drawing. The MR sensor 211 is, for exan^le, an exchange- 

30 biased sensor. 

The device shown in Fig. 5 is a magnetic tape sqyparaius 350 which is 
suitable for co-operation with a magnetic tape cassette. Such a cassote has a magnetic t^ 
wiach is suitable for storing infonnation in an analog and/or digital form. The sqyparams 350, 
wbich is provided with a holder 352 for accommodating the cassette, coisimtes a magnetic 
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system together with die cassette. Two reel spindles 354 and 356 for co-operation with 
reel hubs of the cassette are present in the sqjparatus 350. During use of the apparams 350, 
the magnetic tape is moved along a magnetic head 400 according to the invention, tised in 
the qyparatus 350. To this end, the apparatus 350 is provided with two capstans 358 and 360 
5 and two pressure rolls 362 and 364 co-operating with the capstans. 

It is to be noted that the invention is not limited to the embodiments 
shown. For ^can^>ie, the magnetic head according to the invention may conqnise several MR 
sensors and even a large number of MR srasors and a matching number of flux guides, 
instead of one MR sensor. Instead of one or more MR sensors, the magnetic head may 
10 alternatively have one or more inductive oansducing elements. 
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1. A magnetic head having a head face and comprising a magnetoiesiscive 
sensor and at least a laminated fhu guide for co-operation with the magnetoresistive sensor, 
vihich flux guide conq>rises a soft-magnetic layer, characterized in that the flux guide 
comimses an anti-ferromagnetic layer wliich is in direa contact with the soft-magnetic layer, 

5 die soft-magnetic layer and the anti-fcnomagnetic layer constituting a pair of exchange- 
coiqiled layers. 

2. A magnetic head having a head face and comprising a magn^resistive 
sensor and at least a ^rninntivi flux guide for co-operation with the magnetoresistive sensor, 
^^lich flux guide comprises a soft-magnetic layer, characterized in that the flux guide 

10 comprises a ferrimagnetic layer which is in direct contact with the soft-magnetic layer, the 
soft-nu^netic layer and the ferrimagnetic layer ccmstituting a pair of exchange-coupled 
layers. 

3. A magnetic head as claimed in Claim 1 or 2, characterized in that the 
flux guide has a unidirectibnal anisotropy v/Ucb is at least substantially perpendicular to a 

15 flux tran^rt direction in the flux guide. 

4. A magnetic head as claimed in Claim 1, 2 or 3, characterized in that the 
flux guide conqnises several pairs of exchange-coupled layers. 

5. Amagnetic head as claimed in Claim 1, 2, 3 or 4, characterized in that 
the fhix guide coizqnrises a combination of layers which is constimted by die pair of 

20 exchange-coiq>Ied layers, a non-magnetic layer and a further soft-magnetic layer, die non- 
magnetic layer extending between, and being in contact with, the soft-magnetic layer and die 
further soft-magi^c layer. 

6. A magnetic head as claimed in Claim S, characterized in that the flux 
guide comprises several combinations of layers as defined in Claim 5, the combinations of 

25 layers being nnmially s ep arated by a non-magnedc intermediate layer. 

7. A magn^ head as claimed in any one of Claims 1 to 6, characterized in 
that the fhix guide extends from die head fact, while a further flux guide is present, and the 
magnetoresistive element bridges a ^lace between the fhix guide and die further fhix giude, 
die further flux guide corresponding to die fha guide as defined in any one of Claims 1 to 6. 
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8. A device for leadix^ a magnetic record carrier, comprising a magnetic 

head as claimed in any one of the preceding Claims. 
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